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Abstract

Chemical composition of fifteen samples of juniper essential oil was analyzed using GC/FID/MS method. Thirteen samples of
berries were collected on different locations in south-western part , two of them in central-north region of Republic of Macedonia. The
essential oils were obtained by hydrodistillation in a Clevenger type apparatus using official method of European Pharmacopoeia. GC/MS
analysis revealed 74 identified components. The predominant fractions of the oils were monoterpene hydrocarbons representing 39.11-
73.38%. Great variability in the chemical composition and content of some components was observed. The most variable components were
a-pinene (15.59-43.19%), B-pinene (1.65%-5.35%), B-myrcene (2.89%-26.50%), sabinene (2.80-11.77%), and limonene (2.90-4.46%). In
the fraction of oxidized monoterpenes the most abundant was terpene-4-ol (trace - 6.32%) followed by a-terpineol (0.18-1.63%). In the
sesquiterpene fraction predominant components were: germacrene D (2.76-10.22%), B-elemene (1.13-3.40%) and trans-(E)-caryophyllene
(1.8%- 4.05%). Twelve samples of Macedonian juniper oils comply with European Pharmacopoeia chemical composition requirements for
juniper oil and three samples did not, due to lower amount of a-pinene.
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Introduction

Common  juniper, Juniperus  communis L.
(Cupressaceae) is widely spread throughout the territory of
Republic of Macedonia (Micevski, 1998). The berries of
this plant are extensively utilized in production of blended
teas and other herbal medicinal products, in food industry,
as a spice, in production of alcoholic beverages, etc. The
cone-berries (Juniperi pseudofructus) are used traditional-
ly to cure cystitis, digestive disorders, in therapy of chron-
icle arthritis and other indications. They contain essential
oil with characteristic conifer-like aroma and bitterly taste.
The pharmaceutical and the medicinal use of the juniper
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oil are of multi-purpose: diuretic, antiseptic, digestive, sto-
machic, antireumathic, efc. (Yarnell, 2002). Antimicrobial
(antibacterial and antifungal) activity of the oil was studied
in vitro and many data on this issue point out on a strong
antimicrobial activity that could be of interest in medicine
and other fields (Filipowitz et al., 2003; Stassi et al., 1995;
Emami et al., 2007; Pepeljnjak et al., 2005; Asili et al.,
2008; Kumar et al., 2009; Miceli et al., 2009; Glisic et al.,
2007; Oztiirk et al., 2010; Consentino et al., 2003). Juniper
oils are used in production of medicinal products with di-
uretic and antiseptic activity than in food industry, produc-
tion of alcohol beverages, cosmetic and perfume produc-
tion, efc.

The yield and the composition of the essential oils of
the juniper berries depends on the geographical origin of
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the plant, the maturity of the berries, the age of the plant,
the meteorological condition (temperature, insolation, etc.)
and other environmental factors (Orav, 2010; Chatzapoulou
and Katsiotis 1993, 1995). Therefore the essential oil com-
position can vary significantly and that is the reason for
very wide-ranging the values in European Pharmacopoeia
monograph’s requirements for characteristic constituents
of the juniper oil (Ph. Eur. 7).

The juniper berries and the juniper essential oil are nat-
ural drugs that are exported from Republic of Macedonia,
for years behind. Until now, there was no detailed study
on the chemical composition of Macedonian juniper oil,
which led us to the goal of the present research - determi-
nation of the chemical composition and possible chemi-
cal variability of the juniper essential oils from wild grow-
ing plants in the Republic of Macedonia and assessment
of the essential oil chemical composition according to the
European Pharmacopoeia.

Materials and methods

Plant material

The samples of the ripe juniper berries were collected
in a late autumn in 2010 on different locations in Republic
of Macedonia. The samples were labeled with marks JC1-
JC15, relating to the name of the nearest city or name of
mountain where the collections were made: JC1 — Mavrovo
(1); JC2 — Skopje; JC3 — Resen; JC4 — Demir Hisar; JC5
— Prilep, JC6 — Karaorman Mtn.; JC7 — Kicevo (1); JC8
— Kicevo (2); JC9 — Debar; JC10- Mavrovo (2); JC11 —
Kicevo (3); JC12 — Jakupica Mtn., JC13 — Pelister Mtn.,
JC14 — Bistra Mtn.; JC15 — Makedonski Brod. Thirteen
samples originated from south-western part of the coun-
try and two of them were collected from north-central part
(Skopje and Jakupica Mtn.). All samples were left to air
dry and then put in a paper bags and stored at cool, dry and
dark place, until analysis.

Distillation of the essential oils

The essential oils were isolated by steam-distilla-
tion in a Clevenger-type apparatus using the method from
European Pharmacopoeia (Ph. Eur. 7). The oils were dried
over anhydrous sodium sulfate and stored in vials under re-
frigeration prior to analysis.

GC/FID/MS analyses

Essential oil samples were analyzed on Agilent 7890A
Gas Chromatography system with flame ionization detec-
tor (FID), and Agilent 5975C mass spectrometer (MS) also
equipped with capillary flow technology which enables si-
multaneous analysis of the sample on both detectors. HP-
5ms (30 m x 0.25 mm, film thickness 0.25 pm) capillary
column was used. Operating conditions were as follows:
oven temperature 60 °C (5 min), 1 °C/min to 80 °C (2

min); 5 °C/min 280 °C (5 min); flow rate of Iml/min (He);
injector T=260 °C; FID T= 270 °C; 1 ul injection volume
at split ratio 1:1.

The mass spectrometry conditions were: ionization
voltage 70 eV, ion source temperature 230 °C, transfer
line temperature 280 °C and mass range from 50-500 Da.
The MS was operated in scan mode. Identification of the
components present in essential oils was made by com-
paring mass spectra of components in essential oils with
those from Nist, Wiley and Adams mass spectra libraries,
by AMDIS (Automated Mass Spectral Deconvolution and
Identification System) and by comparing literature and es-
timated Kovat's (retention) indices that were determined
using mixture of homologous series of normal alkanes
from C, to C,, in hexane, under the same above mentioned
conditions.

The percentage ratio of essential oils components was
computed by the normalization method of the GC/FID
peak areas and average values were taken into further con-
sideration (n=3).

Results and discussion

Chemical composition of the essential oils

By the means of GC/FID/MS method, all 15 juniper
oil samples were analyzed and 74 different components
were indentified, representing 91.08 — 99.83% of the en-
tire oils (Table 1). Monoterpene components were present-
ed in larger amounts in all samples of the oils than sesqui-
terpenes (Fig. 1.). Beside mono and sesquiterpenes, small
amounts of few non-terpene components were identified,
such as undecanone-2 and tricyclene (Table 1).

Terpene hydrocarbons represented the most significant
part of the oil rather than oxygen containing terpenes (Fig.
2.). Predominate fraction was monoterpene hydrocarbons,
representing the most abundant fraction in all oil samples,
ranging from 39.11% (JC13) to 78.38% (JC14) (Fig. 3).

In the monoterpene hydrocarbons fractions dominated
components were: a-pinene (15.59 JC9 — 43.19% JC14),
B-pinene (1.65 JC9 — 5.35 % JC14), B-myrcene (2.89 JC5
— 26.50% JC6), sabinene (2.80 JC5 — 11.77% JC6) and
limonene (2.90 JC4 — 4.46% JC2). The oxygen contain-
ing monoterpenes were present only from 2.24% (JC3) —
8.00% (JC9) in all samples. The most abundant was ter-
pene-4-ol, in traces and up to 6.32 % (JC9) followed by
a-terpineol (0.18 JC3-1.63% JC3).

The sesquiterpene hydrocarbons were present from
17.45% (JC14) to 42.25% (JC14) in all samples (Fig. 3.).
The predominant components were: germacrene D (2.76
JC14-10.22% JC7); B-elemene (1.13 JC14-3.40% JC7)
and trans-(E)-caryophyllene (1.8 JC10-4.05% JCS5). The
oxygen containing sesquiterpenes have appeared with
0.59% (JC3) to 5.76% (JC13). The component a-cadinol
varied from 0.03 % (JC4) to 1.13 % (JC13). The mixture
t-murolol+t-cadinol were presented from 0.07 % (JC15) to
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1.74% (JC13) (Table 1).

Analysis of the obtained essential oils from juniper
berries from R. Macedonia revealed a great variability in
the chemical composition. Considering the components
which are required for the quality assessment of juniper
oil by European Pharmacopeia monograph, variability in
the content of a-pinene, myrcene, sabinene, limonene and
B-pinene occur in huge range (Table 1 and 2).

Evaluation of the chemical composition and the con-
tent of selected components in the investigated essential oils
showed that twelve Macedonian samples comply with Ph.
Eur. 7 requirements (o-pinene 20-50%; myrcene 1-35.5%,
sabinene < 20%, limonene 2-12%; B-pinene 1-12%; trans
(E) caryophyllene < 7%; terpinen-4-ol 0.5-10%; bornyl ac-
etate < 2% and a-phellandrene < 1%). However, three oil
samples obtained from the berries from Karaorman (JC6),
Kicevo (1) (JC7) and Debar (JC9) contained insufficient
amount of a-pinene (18.62%, 18.32% and 15.59%, respec-
tively) nevertheless the amounts of other components were

satisfactory. Eventually prepared mixture of equal parts of
all fifteen investigated juniper oils, mix oil, should have
average percentages of the components that comply with
the Ph. Eur. 7 requirements for chemical composition qual-
ity (Table 2). This could be a solution for solving problems
that appeared on chemical composition of the juniper es-
sential oil from berries originated from different areas of
collection. However, for complete assessment of the quali-
ty of the Macedonian juniper oils requires further analysis
on several physical and chemical characteristics of the oils,
set under the section tests as well as other features of the oil
mentioned in the Juniper oil monograph.

Differences and the variability in the oil composition
of juniper essential oils were reported for the oils originat-
ed from different regions in Europe and in America. The
main constituents of the oils are pinenes, mostly a-pinene
which could be present in a wide range, from 27% in the
Greek samples (Chatzopoulou and Katsiotis, 1993), over
28.6-38.2% in Montenegro (Damjanovic et al., 2006),
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Fig. 1. Main fractions in the essential oils from Macedonian samples of juniper berry (JC1 —JC15 oil samples).
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Fig. 2. Terpene hydrocarbons/oxygen containing terpenes ratio in the essential oils of Macedonian juniper berry (JC1-JC15

oil samples).
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Table 2. Variations in the main components composition of the essential oils obtained from berries of Macedonian Juniperus

communis
Components Junl([;zl; oils Ph(];:/zl)r 7 Score 1
Min Max
1. a-Pinene 15.59 39.14 20-50 (=)
2. Myrcene () 2.89 26.50 1-35,5 +)
3. Sabinene 2.80 11.77 < 20 )
4. Limonene 2.89 4.46 2-12 @)
5. B-Pinene 1.65 4.10 1-12 (+)
6. trans (E)-Caryophyllene 1.81 4.05 <7 )
7. Terpinen-4-ol tr 6.32 0.5-10 -)
8. Bornyl acetate 0.17 0.37 < 2 )
9. a-Phellandrene 0.09 0.82 < 1 (+)

(+) - fulfilled monograph’s requirements, (—) — not fulfilled monograph’s requirements
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Fig. 3.

The abundance of MHC - monoterpene hydrocarbons, SHC - sesquiterpene hydrocarbons, OCM — oxygen contain-

ing monoterpenes and OCS — oxygen containing sesquiterpenes in essential oils from Macedonian juniper ber-

ry (JC1 —=JC15 oil samples).

and up to 46,63% in the Iranian samples (Rezvani, 2010).
Other important components such as sabinene, germacrene
D, myrcene, B-pinene and limonene were found in higher
amounts in juniper oil (Chatzopoulou and Katsiotis, 1993;
Orav et al., 2010; Pepeljnjak et al., 2005). Terpine-4-ol
is an important constituent of juniper oil, usually consid-
ered to be responsible for the diuretic effect of the oil. Its
content in juniper oil can be variable and it was attained
in small amount of 1.37% in Greek samples and 2.86%
in samples from Iran (Chatzopoulou and Katsiotis, 1993;
Rezvani, 2010).

Conclusion

GC/FID/MS analysis of the chemical composition of
fifteen samples of juniper essential oils from berries of
wild growing juniper in Republic of Macedonia revealed
74 identified components that represent 91.08-99.83% of
all of the samples. The predominant fraction of the oils was

Maxez. papm. 6uir., 57 (1,2) 43 - 51 (2011)

monoterpene hydrocarbons representing 39.11-73.38%.
Great variability in the chemical composition and especial-
ly in the content of some components was observed. The
most variable were a-pinene (15.59-43.19%), B-pinene
(1.65%-5.35%), PB-myrcene (2.89%-26.50%), sabinene
(2.80-11.77%), and limonene (2.90-4.46%). In the frac-
tion of oxygen containing monoterpenes the most abun-
dant was terpene-4-ol, in traces and up to 6.32% followed
by a-terpineol (0.18-1.63%). In the fraction of sesquiter-
pene the predominant components were: germacrene D
(2.76-10.22%), P-elemene (1.13-6.40%) and trans-(E)-
caryophyllene (1.8%-4.05%). Assessment of the chemi-
cal composition quality of the oils in accordance with the
European Pharmacopoeia monograph of juniper oil showed
that twelve Macedonian samples comply with Ph. Eur. 7
requirements and three samples possess lower amounts of
a-pinene, under the requested level of min 20%.
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Pe3snme

XeMHCKH COCTAB HA eTEPUYHO MACJI0 M30JIUPAHO 0/ 000MHKHUTE
ox Juniperus communis L. (Cupressaceae) K0j CAMOHUKHATO
pacre BO PenyOsinka MakeqoHuja M MPOLEHKA HA XeMUCKUOT
COCTAaB HA MACJIOTO BO cOrIacHOCT c0 EBponickara ¢papmakoneja

®dnopemia Cena, Mapuja Kapamannona, ['ome Credkos, Ceiana KyneBanoa™

Hnemumym 3a @apmaroenosuja, @apmayesmcku gpaxynmem, Yuueepsumem ~Ce. Kupunr u Memoouj”, Ckonje,
Maxeoonuja

Knyunu 360posu: Juniperus communis, eTEpUYHO MAcIIo 07 CMpeKa, cMpeka, Perybnnka MakenoHuja.

Amuanuzara Ha XeMHCKH COCTaB Ha METHACCET MPUMEPOIM Ha CTCPHYHO MACIIO H30JHPAHO OJ CMPEKa € HalpaBeHa Co
nomott GC/FID/MS wmeroan. Tpunaecer npumeponn Ha 000MHKKM O6ea coOpaHM Ha pa3iIMYHU JIOKAIMK BO jyro-3amaHuoT
nern Ha P. MakesoHHja, a OCTAaHATUTE J[Ba BO IICHTPAIHO-CEBEPEHOT perroH. V3onanujara Ha eTepuvHH Macia ¢ HampaBe-
Ha co o(UIMjaTHHOT MeTo Ha EBporickara (apmakorieja co IecTriaimja co BOACHA Mapea Co KOPUCTCHE Ha anaparypara
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o Knesennep. Co GC/MS ananu3a uaeHTU(PHUKYBaHH C€ BKYITHO 74 koMroHeHTH. JloMrHaHTHATA (ppakiija Ha Macjara ce
MOHOTEPIIEHCKHTE jariieBoIOpOau 1 ucTute counHysaar 39,11-73,38% ox BKyIHOTO €TEpUYHO Macyo. YTBp/EHaA € rojiemMa
BapHujaOMITHOCT BO XEMHUCKHOT COCTaB M BO COAPIKMHATA Ha OIpe/ieieHH KoMIoHeHTH. Hajronemu Bapujanuu ce 3adesexa-
HU Kaj KOMIIOHEHHUTE Kako 1mTo ce o-nuHeH (15,59-43,19%), B-nunen (1,65% -5,35%), B-mupuen (2,89% -26,50%), cadu-
HeH (2,80-11,77%) u mumonew (2,90-4,46%). Bo dpakinjara Ha MOHOTEPIIEHUTE CO KHUCIOPOJ, Haj3acTaleH ¢ TePIeH-4-0I1
(6,32%) 3aenno co a-tepruneon (0,18-1,63%). Bo ceckBureprienckara Gppakiiyja, HajIOMUHAHTHA KOMIIOHCHTH CE: TepMaK-
pen D (2,76-10,22%), B-enemen (1,13-3,40%) u trans-(E)-kapuoduien (1,8% - 4,05%). JiBaHnaeceT NprUMEpOIH HA STePHY-
HO MacJjo M30JIMPaHo O]l IUIOA0BH O] MaKeIOHCKa CMpeKa oJroBapaar Ha 6apamara Ha EBporickara dapmaxorieja 3a xeMuc-
KHOT COCTaB Ha €TEPUYHO MacJio O] CMpeKa, JIo/ieKa TP NPUMEPOIIM He O[roBapaar Ha oBue Oapara Iopajau romajiara co-
JIP)KUHA Ha O,-IIHHEHOT.
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